Superconducting Sm(O,F)BiS 2 single crystals were successfully grown using KI-KCl flux. The obtained single crystals were flat-shaped and their size was 500 μm. The structure and composition of the obtained single crystals were obtained using X-ray diffraction and X-ray
Introduction
The discovery of BiS 2 -layered superconductors, Bi 4 O 4 S 3 , 1 brought about a variety of BiS 2 superconductors. In particular, R(O,F)BiS 2 (R: rare earth element) were reported to present superconducting transition temperatures, T c , ranging from 2 to 10 K. [2] [3] [4] [5] [6] The correlation between T c and R suggested that the high chemical pressure induced by rare earth elements featuring smaller ion radii caused higher T c values. 7 Indeed, the T c of Nd(O,F)BiS 2 (~5 K) was higher than those of Pr(O,F)BiS 2 (~4 K), Ce(O,F)BiS 2 (~3 K), and La(O,F)BiS 2 (~3 K). 8 Nonetheless, superconducting transition of Sm(O,F)BiS 2 has not been observed above 2 K, 9 even though the ionic radius of Sm is smaller than those of La-Nd. 
Growth of R(O,F)BiS

Experimental
Sm(O,F)BiS 2 single crystals were grown using KI-KCl flux. The raw materials: Sm 2 S 3 , Bi 2 S 3 , Bi 2 O 3 , BiF 3 , and Bi were weighed to achieve the nominal composition of SmO 0.5 F 0.5 BiS 2 . The molar ratio of the KI-KCl flux was KI:KCl = 3:2. The mixture of raw materials (0.8 g) and KI-KCl flux (5.0 g) (Molar ratio SmO 0.5 F 0.5 BiS 2 :KI:KCl = 1.00:12.78:8.52) were ground using a mortar and pestle, and then sealed into an evacuated quartz tube. The quartz tube was heated at 700 °C for 10 h, and subsequently cooled to 600 °C at the rate of 0.5 °C/h. Then, the sample was cooled to room temperature, while still in the furnace. The heated quartz tube was then opened in air, and the obtained materials were washed and filtered using distilled water to remove the KI-KCl flux.
The obtained single crystals were analyzed using scanning electron microscopy (SEM, TM3030, Hitachi High-Technologies). The compositional ratio of the Sm(O,F)BiS 2 single crystals was evaluated using energy dispersive X-ray spectrometry (EDS, Quantax 70, Bruker), and the obtained values were normalized using the atomic content of S (C S ) = 2.00, while Sm and Bi were measured. On the other hand, the atomic ratio of O and F was determined using electron probe microanalysis (EPMA, JXA-8200, JEOL), and was normalized using C O + C F = 1.00, assuming that the molar ratio of (O+F):S is 1:2 according to the crystal structure of tetragonal La(O,F)BiS 2 (P4/nmm). 15 X-ray diffraction (XRD, MultiFlex, Rigaku) using Cu Kα radiation was employed to identify the crystal structure and determine their orientation and c-axis lattice constants. Synchrotron powder X-ray diffraction (SPXRD) measurements were performed at the BL02B2 of SPring-8 with the approval of 2018B1246. The wavelength of the radiation beam was determined to be 0.496345(1) Å using a CeO 2 standard. The magnetization-temperature (M-T) characteristics under zero-field cooling (ZFC) and field cooling (FC) of the Sm(O,F)BiS 2 single crystals were measured using a superconducting quantum interface device (SQUID) magnetometer, which featured the applied field of 10 Oe parallel to the c-axis. Magnetization was converted to magnetic susceptibility (4πχ) using the density of SmO 0.5 F 0.5 BiS 2 in the previous report. 9 The resistivity-temperature (ρ-T) characteristics of the obtained single crystals the temperature at which resistivity is lower than 3 or 20 μΩcm (in the absence or presence of applied magnetic fields, respectively). We presumed that the difference in criteria for reaching zero resistivity was due to the magnetic resistance of the single crystal.
We measured the angular (θ) dependence of resistivity (ρ) in flux liquid state under various magnetic fields (H) and calculated the superconducting anisotropy (γ s ) using the effective mass model. [16] [17] [18] 6
Results and discussion
Sm(O,F)BiS 2 single crystals were grown under different conditions: temperature, time, fluxes.
As a result, largest crystals were obtained by the optimized condition described in the experimental section. 9 The smaller c-axis lattice constant could be attributed to the higher F concentration, 2, 15, 19 which would have triggered the superconducting properties described below. Furthermore, γ s was calculated to be 26 using the upper critical fields according to Eq. (1):
In addition, γ s of the Sm(O,F)BiS 2 single crystal was evaluated using the effective mass model. 16 The angular (θ) dependence of resistivity (ρ) was measured at various magnetic fields (H) values in the flux (vertices) liquid state to estimate γ s of the obtained Sm(O,F)BiS 2 single crystal, as reported by Iye et al. 17 and Iwasaki et al.. 18 The reduced field (H red ) was evaluated using Eq. (2) for the effective mass model:
where θ is the angle between the ab-plane and magnetic field. 16 The γ s value was estimated using the best scaling of the graph illustrating the ρ-H red relationship. Figure 7 The ρ-H red scaling obtained from Fig. 7 (a) using Eq. (2) is presented in Fig. 7(b) . The best scaling was obtained for γ s = 10, as illustrated in Fig. 7(b) . However, this plot deviates from the scaling at higher magnetic fields. Therefore, using the upper critical field and Eq. (1) we suggested that γ s of Sm 1.04 ± 0.03 O 0.83 ± 0.05 F 0.17 ± 0.05 Bi 0.97 ± 0.03 S 2.00 single crystals was 26. The γ s values exhibit the difference between Eqs. (1) and (2) . However, that reason is still unclear.
Further research is required, and investigating Sm(O,F)BiS 2 single crystals featuring various F amounts might reveal the origin of this difference.
Conclusion
We 
